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Summary  and  Conclusions 


Colloidal  fuels,  consisting  of  a combination  of  residual  fuel  oils 
as  the  basic  carrier  with  coal  added  in  particulate  form  have  been  evalu- 
ated throughout  the  20th  century.  They  received  considerable  attention 
during  World  War  I and  II  as  potential  fuel  substitutes  in  the  event  petro- 
leum sources  were  interrupted. 

The  investigation  of  the  potential  of  colloidal  fuels  reported  herein 
was  stimulated  by  the  issue  of  a report  by  Battelle  Columbus  Laboratories 
(BCL)  on  the  potential  application  of  colloidal  fuels  by  the  DOD.  The  BCL 
report  (reference  1#  indicated  that  a complete  conversion  to  colloidal  fuels 
could  provide  DOD  fxiel  savings  of  200  to  400  million  dollars  per  year. 

The  primary  conclusion  of  this  reassessment  is  that  the  net  savings 
potential  of  colloidal  fuel  appears  too  small  and  for  too  limited  a market 
to  indicate  any  significant  economic  advantage  for  either  DOD  or  the  nation. 

However,  this  conclusion  should  not  preclude  pursuing  further 
research  of  colloidal  fuel.  Colloidal  fuel  would  be  a means  of  using  vast 
U.  S.  coal  resources  to  extend  limited  petroleum  energy  resources.  Col- 
loidal fuels  could  at  least  provide  an  alternate  energy  source  for  reducing 
residual  fuel  requirements  should  another  fuel  crisis  occur.  The  tech- 
nological base  for  colloidal  fuels  should  be  expanded  so  that  the  lag  time 
required  to  develop  the  colloidal  fuels  will  not  interfere  with  the  eventual 
or  emergency  implementation  of  these  alternate  fuels.  ^In  the  interest  of 
establishing  the  technical  foundation  to  provide  the  broadest  of  alternatives  ) 
to  future  energy  requirements, Colloidal  fuels  should  be  researched  and 

•Sr 

continually  reconsidered  for  production  as  the  economic  environment 
changes  in  the  future. 
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The  analysis  presented  for  coal-»n-oil  slurries  could  also,  in 


general,  pertain  to  residual  oil  slurries  with  pulverized  petroleum  coke 
or  solvent  refined  coal.  Petroleum  coke  has  a greater  proportion  of  sulfur 
but  a lesser  proportion  of  ash  than  coal  has.  Coke  also  has  a certain  amount 
of  nickel  and  vanadium  which  is  highly  corrosive  and  which  is  not  present  in 
coal.  The  low  ash  characteristic  of  petroleum  coke  is  particularly  impor- 
tant to  producing  a slurry  fuel  which  will  be  compatible  with  residual  fuel 
burning  boilers.  Petroleum  coke  currently  costs  as  much  as  eastern  coal 
and  will  increase  in  cost  as  the  undesirable  sulfur  and  destructive  minerals 
are  removed.  Further,  the-  supply  of  surplus  petroleum  coke  is  limited; 
therefore,  petroleum  coke  appears  less  attractive  economically  or  as  a 
substantial  resource  than  coal  as  the  solid  fuel  component  in  slurry  fuels. 
Solvent  refined  c.oal  is  low  in  ash  and  sulfur  and  somewhat  higher  in  heating 
value  than  coal.  This  clean  fuel  is  being  produced  in  limited  quantities  on 
an  experimental  basis.  As  with  petroleum  coke,  solvent  refined  coal  will 
be  a relatively  expensive  solid  fuel  component  for  slurry  fuels  when  com- 
pared to  feed  stock  coal. 

This  report  has  not  specifically  addressed  the  potential  of  slurries 
of  coal  with  carriers  of  water  or  methanol  alcohol.  The  former  is  of 
interest  as  a transport  concept.  The  fuel  would  presumably  be  dried  prior 
to  firing  to  prevent  excessive  loss  of  heat  content.  The  latter  concept  of  a 
methanol  carrier  has  been  previously  evaluated  by  rretra  Tech  for  the  U.  S. 
Navy  Energy  R&D  Office.  On  balance,  this  concept  waa  found  to  offer  no 
significant  advantages,  but  to  suffer  considerable  disadvantages  in  terms 
of  energy  delivery  per  unit  weight  or  volume  when  compared  to  slurries 
based  upon  hydrocarbon  carriers.  No  economic  advantage  for  the  methanol 
carrier  can  be  shown  unless  and  until  the  cost  of  methanol  is  less  than  the 
cost  of  the  hydrocarbon  from  which  it  is  now  conventionally  derived. 
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Apparent  Advantages  of  Colloidal  Fuels 

Colloidal  fuels  should  provide  moderately  priced  liquid 
fuels  through  the  blending  of  relatively  cheap  coal  with  the  more 
expensive  petroleum  liquid  fuels.  Western  coal  costs  $12  per  ton 
(nominally)  and  residual  fuel  oil  costs  $12  per  barrel  (nominally) 
which  is  $74  per  ton.  The  proportion  of  coal  that  may  be  blended 
with  residual  oil  to  result  in  a pumpable  liquid  fuel  is  limited  to 
40%  by  weight.  However,  this  weight  proportion  of  coal  can  con- 
tribute only  30%  of  the  energy  per  unit  weight  of  blend  because 
coal  has  a lower  energy  density  than  oil  has.  At  the  given  cost 
of  coal  and  oil,  the  ideal  cost  of  a colloidal  blend  would  be  $55 
per  ton  or  $9  per  barrel.  This  ideal  cost  would  be  a 25%  reduction 
from  the  cost  of  residual  oil  and  represents  a maximum  potential 
fuel  cost  savings.  As  indicated  on  Table  T,  when  the  cost  of 
pulverizing  the  coal,  the  cost  of  blending,  plant  operating  costs 
and  fixed  plant  capital  costs  are  factored  into  the  cost  of  produc- 
ing the  colloidal  fuel,  the  realistic  savings  margin  may  be  half 
that  of  the  ideal  cost  savings  margin.  (Table  I is  developed  in 
detail  in  Appendix  A).  If  the  cost  of  coal  is  $24  per  ton,  which 
is  the  current  nominal  cost  to  eastern  U.  S.  states,  the  ideal 
savings  margin  is  20%  but  the  realistic  savings  margin  indicated 
in  Table  1 is  less  than  4%. 

The  cost  of  pulverizing  and  grinding  the  coal  is  in  the 
order  of  3%  of  the  cost  of  the  colloidal  product.  Plant  operating 
costs  are  less  than  10%  of  the  product  cost.  This  estimate  was 
derived  from  the  operating  costs  of  the  simplest  petroleum 
blending  operations  and  should  be  realistic.  Fixed  capital  costs 
are  also  estimated  and  are  very  small  for  the  large  capacity 
commercial  plant  model  of  Table  I.  Each  of  these  individual 
cost  penalties  is  small  but  each  is  a reasonable  estimate  of  the 
intervening  costs  associated  with  a process  to  combine  the  two 
fuels  into  one  liquid  fuel.  Without  a wide  difference  in  coal  and 
fuel  oil  costs,  the  rationale  of  blending  a cheap  fuel  with  a more 
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COLLOIDAL  FUEL  COST  ESTIMATE  (1974  DOLLARS) 
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NOTES: 

Step  7 - Residual  Fuel  Oil  Cost  “ $12.20/bbl  (JtHy  1974  national  avg.) 
Step  12  — 40%  coal  in  mixture  produces  33.94  M Btu/ton 
Step  14 

& 15  - Percent  entered  is  per  residual  cost 


expensive  fuel  can  result  in  marginal  savings  only.  As  a rule  of 
thumb,  the  cost  of  coal  per  ton  would  have  to  be  considerably 
less  than  the  cost  of  fuel  oil  per  barrel  if  a colloidal  fuel  is  to 
provide  significant  fuel  savings  for  a given  energy  demand.  Unfortu- 
nately, recent  trends  indicate  that  the  price  of  coal  will  be  paced 
by  the  prevailing  price  of  petroleum  fuels.  Since  the  current 
cost  differential  of  the  two  fuels  will  not  result  in  an  attractively 
cconomigil  colloidal  fuel  substitute  for  the  residual  fuels,  a 
significant  cost  differential  between  the  two  fuels  may  never 
develop  as  the  cost  of  petroleum  fuels  increases. 

Although  this  analysis  concludes  that  colloidal  fuels  may  never 
be  economically  attractive  competitors  to  the  residual  fuels,  colloidal 
fuels  should  not  be  more  expensive  than  the  residual  fuels.  The 
primary  value  of  colloidal  fuels  may  be  in  providing  a means  of 
extending  domestic  petroleum  fuel  stocks  in  the  event  of  another 
embargo  by  OPEC  (Organization  of  Petroleum  Exporting  Countries). 
Solving  the  technical  problems  associated  with  converting  residual 
fuel  burning  boilers  to  using  colloidal  fuels  should  not  be  postponed 
to  the  time  that  an  emergency  may  demand  the  usability  of  the 
alt  ernative  fuels.  No  significant  testing  of  colloidal  fuels  in 
boilers  has  occurred  since  1943,  Therefore,  full  scale  testing 
of  colloidal  fuels  in  modern  boilers  would  be  constructive  in 
expediting  the  use  of  a readily  employable  contingency  fuel  for 
a future  emergency. 
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Technology  ALS'^iimcnt 


Coal  in  ci)  slurries  received  considerable  attention  in  World  War 


I and  World  War  U.  Coal  slurries  were  used  as  fuels  on  an  experimental 


basis  by  the  British  in  1032  on  the  Cunard  Steamship  liner  "Scythia1 


with  further  testing  shortly  .afterwards  on  another  liner,  the  "Berenpar ia. 


Related  testing  of  "Fliesskolile"  (flowing  coal  or  coal  slurries)  were  con- 


ducted in  Germany  at  approximately  the  same  time  (References  1 and  5), 


Results  of  thc-M'’  tests  were  poorly  reported  because  the  tests  were  for 


the  purpose  of  determining  a fallback  fuels  position  in  the  event  that  fuel 


oil  supplies  became  limited  in  wartime.  Coal  slurries  were  used  success- 


fully in  a diesel  engine  in  1936.  Ilcwcver,  the  low  <;ost  of  fuel  oil  at  the 


time  rendered  coal  slurries  unattractive  as  fuels  for  diesels  (Reference  1). 


Colloidal  mixtures  normally  utilize  residual  fuel  oils  such  as  Mo. 


6 or  Hunker  C as  the  basic  solvent  for  the  coal  additive.  Residual  fuels 


may  have  a typical  ash  content  of  0.01  to  0.5  percent  by  weight;  a sulfur 


content  of  0.  7 to  3.  5 percent  by  weight  and  a vanadium  and  nickel  content  of 


10  to  500  parts  per  million  (Reference  3).  Bunker  C has  a higher  heating 


value  (HHV)  of  18,000  Btu/lb.  However,  the  actual  physical  characteristics 


of  Bunker  C can  vary  considerably  and  the  quality  of  residual  fuel  oils  de- 


pends on  many  refining  factors.  Essentially,  the  quality  of  residual  oils 


is  decreasing  as  the  refineries  produce  greater  quantities  of  the  lighter 


products . 


Residual  fuels,  including  Bunker  C must  be  preheated  to  90  to 


120  F to  reduce  their  viscosity  for  handling.  The  fuel  is  then  further 


heated  to  165  to  200°F  to  reduce  the  viscosity  further  for  proper 


atomization  in  burners  (Reference  3). 
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Coal  slurries  using  coal  crushed  to  sizes  of  2.00  mesh  particles 
to  4 micron  powders  have  been  tested.  The  larger  coal  particles  have 
been  mixed  with  heavy  fuel  oils  and  the  smaller  coal  powders  have  been 
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mixed  with  diesel  oil  (Reference  11.  The  slurries  using  larger  coal 
particles  may  require  agitation  to  maintain  particle  suspension  depending 
on  the  density  of  Hie  oil.  Mixtures  having  up  to  BO  percent  coal  by  weight 
are  feasible.  Higher  coal  fractions  are  desirable  but  ar'  beyond  normal 
pumping  methods.  The  maximum  practical  coal  content  for  colloidal 
fuels  is  usually  40%  by  weight. 

Table  II  is  a tabulation  of  some  selected  physical  characteristics 
of  colloidal  fuels  from  test  data  on  a No.  6 residual  oil  blended  with  two 
different  coal  batches.  The  sulfur  content  of  the  tested  coals  is  relatively 
low.  The  cost  of  coal  with  1%  sulfur  is  $10  per  ton  higher  than  coal  with 
2.25%  sulfur  at  approximately  $28  per  ton  (Appendix  D).  The  low  sulfur 

coals  of  Table  II  would  obviously  contribute  to  more  expensive  colloidal 
fuel  products. 

Sulfur  in  coal  is  in  three  forms;  pyritic  sulfur,  which  is  sulfur 
combined  with  iron  in  the  form  of  mineral  pyrite  or  marcasite;  organic 
sulfur,  which  chemically  combined  with  the  coal;  and  sulfate  sulfur, 
which  is  in  the  form  calcium  sulfate  or  iron  sulfate.  Sulfate  sulfur  con- 
tent in  coal  is  usually  much  less  than  0.  1%  and  consequently  does  not 
present  significant  problems.  Pyritic  sulfur  can  be  partially  removed 
using  standard  coal  washing  techniques  but  the  degre  of  removal  depends 
on  the  size  of  the  coal  and  the  size  of  the  pyrite  particles.  Because 
organic  sulfur  is  chemically  bonded  to  the  coal,  it  is  usually  considered 
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Table  il  A COMPARISON  OF  SELECTED  FUEL  CHARACTERISTICS 
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an  inherent  and  non- removable  impurity  in  coal.  Organic  sulfur  may  com- 
prise 20  to  80%  of  the  total  sulfur  content  in  the  coal  (Reference  3),  Cen- 
trifugal separators  have  been  designed  to  eject  the  heavy  ash  and  pyrite 
particles  from  pulverized  coal.  Assuming  a 100%  separation  efficiency, 
all  of  the  ash  and  all  of  the  pyritic  sulfur  could  be  mechanically  removed 
from  the  feed  coal,  llo.vever,  the  organic-  sulfur  would  not  he  removed  by 
this  centrifug  1 separation.  The  percent  of  organic  sulfur  in  coal  is  not 
usually  specified  in  coal  analyses;  however,  a reasonable  assumption  is 
that  organic  sulfur  represents  110%  of  the  total  sulfur  in  coal,  based  on  the 
median  relative  content  of  organic  sulfur.  An  "economical"  coal  containing  j \ 

2.25%  sulfur  would  then  retain  at  least  1.  125%  organic  sulfur  after  a me- 
chanical (centrifugal)  separation  process.  The  sulfur  content  of  the  coal 
hatches  in  Table  II  consequently  reflect  an  optimistically  low  sulfur  product 
that  might  result  from  an  efficient  mechanical  separator.  The  low  sulfur 
content  in  the  coal  of  Table  II  results  in  relatively  low  sulfur  colloidal  fuel 
batches.  Realistically,  the  sulfur  content  in  a colloidal  fuel  should  be  at 
least  the  proportion  in  tire  residual  fuel  component. 

The  ash  content  of  the  coal  batches  in  Tabic  II  are  also  low  but  can 
be  considered  to  be  the  proportion  of  ash  which  would  remain  after  a con- 
ventional washing  process.  However,  the  resultant  ash  levels  in  the  col- 
loidal blends  are  high  for  fuel  oil  burning  boilers  which  will  foul  from  high 
ash  levels.  Mechanical  separation  may  be  able  to  remove  a considerable 
proportion  of  the  ash  in  coal  after  the  washing  process.  However,  the  ash 
content  in  residual  fuel  oil  is  in  the  order  of  0.  1%  or  less.  Over  99%  of  the 
ash  in  washed  coal  would  have  to  be  removed  to  reach  the  low  ash  levels  of 
the  residual  fuel  oil.  Realistically,  approximately  50%  of  the  ash  in  washed 
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coal  may  be  removed  by  mechanical  separation.  Colloidal  fuel  produced 
from  this  product  will  have  at  least  1 Z to  15  times  the  ash  content  of 
residual  fuel  oil. 

Colloidal  fuels  are  somewhat  more  viscous  than  residual  fuels 
particularly  as  coal  particle  sizes  arc  reduced  less  than  70  microns.  Note 
in  Table  II  that  the  impact  of  the  finer  coal  of  Dutch  U 2 results  in  a more 
viscous  colloidal  fuel  than  that  of  Batch  if  1.  Fuel  pumping  power  require- 
ments will  increase  as  a consequence  of  the  increased  viscosity  and  normal 
preheating  temperatures  may  have  to  be  increased  15°  to  50°F  to  reduce  the 
viscosity  of  the  colloidal  fuel  to  a manageable  level.  However,  these  are 
minor  technical  problems  compared  to  the  boiler  fouling  effects  from  the 
ash  content  in  the  colloidal  fuel.  Regular  soot  blowing  of  the  boiler  tubes 
has  been  vised  to  reduce  fly-ash  fouling  effects  successfully.  Most  testing 
of  colloidal  fuels  in  actual  boiler  operation  occurred  over  30  years  ago 
(Reference  7).  Renewed  testing  of  colloidal  fuels  on  modern  boilers  would 
be  necessary  to  determine  the  deleterious  effects  of  slag  build-up  and  other 
ash  fouling  problems  with  modern  boilers.  Possibly,  some  types  of  boilers 
could  be  relatively  easy  to  convert  to  colloidal  fuels  with  a minimum  of  ash 
fouling  effects. 

The  conversion  of  residual  fuel  burning  boilers  to  colloidal  fuels 
may  not  be  a straightforward  process.  Much  now  testing  of  colloidal 
fuels  in  actual  boiler  installations  would  be  necessary  to  establish  the 
limits  to  boiler  convertability  to  the  colloidal  fuels.  Even  with  the  most 
optimistic  estimates  of  sulfur  and  ash  removal,  the  sulfur  and  particulate 
emissions  from  burning  colloidal  fuel  may  be  considerably  higher  than 
those  from  burning  residual  fuels. 


The  environin'  .d.il  impact  of  Ihe  colloidal  fuel  alternative  appears  to  be 
more  detriment  .-h  Ilian  the  effec  ts  of  conventional  fuels.  Relaxed  cmis- 


i*; 
! - 
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tio.n  restric  t n o or  stack  scrubbing  equipment,  as  coal  burning  plants 
\ add  use,  won  id  be  prerequisite  to  substituting  colloidal  fuels  for  residual 
!■  •'  ; in  ;i])]n'i  ■.->  i i i '■  steam  plants. 

Tabl<  11  also  indicates  the  specified  limits  of  selected  critical 
pro;  erties  h.*  tin-  lighter  fuels  to  illustrate  the  degree  of  disparity  be- 
twi  n colloidal  fuel  properties  and  the  lighter  fuel  products.  The  sulfur 

ii:r  . s on  the  various  lighter  fuels  are  mostly  reLated  to  corrosive  effects 
t:  : ichinery,  rather  than  to  pollution  limits.  However,  the  sulfur  limits 

an  : ot  stringent  compared  to  the  ash  limits,  Gas  turbine  fuel  and  gaso- 
line ,re  pr.rtii  ulavly  intolerant  of  ash  and  of  vanadium  and  nickel  content. 
Actually,  t.hr  overriding  characteristics  which  would  limit  colloidal  fuels 
from  being  used  in  lieu  of  the  lighter  fuels  is  the  viscosity  limits  of  the 
lighter  fuels. 

•rent  Kff"rl;  in  Colloidal  Fuel  Usage 

The  recent  energy  crisis  has  brought  about  new  interest  in  coal 
slv  i rics.  The  Habcock  and  Wilcox  Company  is  currently  conducting  labora- 
tn-'  scale  le  M s to  study  the  possibility  of  using  coal  slurry  fuels  for  steam 
bib  ers  (llefen  iu  e 6),  Coal  slurries  offer  the  primary  advantage  of  extending 
the  availability  of  petroleum  based  fuel  oils  via  the  coal  additive.  However, 
coal  slurries  pose  certain  serious  disadvantages.  The  coal  in  the  fuel  tends 
to  increase  the  combustion  flame  envelope;  consequently,  coal  slurries 
generally  require  more  volume  than  oil-fired  boilers  require.  Coal  tends 
to  have  a high  proportion  of  ash  at  6 to  11  percent  by  weight  which  1b  diffi- 
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cult  to  remove  and  which  tends  to  cause  boiler  fouling  problems.  The  sulfur 
content  in  bituminous  coal  can  vary  from  0.7  to  4 percent  by  weight.  The 
heating  value  o!  coal  car  vary  from  12,000  Btu/lb  to  15,300  Btu/lb  for 
bituminous  and  anthracite  cc'ls  to  much  less  than  12,000  Btu/lb  for  the 
r ibbituminnu  >•  and  lignite  coals. 

A "thermal  shod',  splitting"  process  which  lias  been  proposed  by  the 
.OK  Powdei  Company  of  Washington,  D.  C.  , (Reference  1)  may  reduce  coal 
•,j.  rticlcs  to  1)ic  submicron  size  claimed.  However,  this  is  still  a mechanical 
p occss  and  v.'ould  not  chemically  unbind  the  organic  sulfur  from  the  coal 
e>  m if  it  could  further  separate  ash  and  pyritie  sulfur  from  micron  size 
Cf.il,  Consequently,  nothing  in  the  proposed  ILOK  coal  submicron  reduction 
pj  • cess  (also  known  ns  the  "Rohrback"  process  for  the  German  inventor) 
w>  eh  woulii  eliminate  the  organic  sulfur  content  of  the  coal  is  apparent, 

ILOK  proposes  to  blend  submicron  coal  with  the  lighter  fuels  i 

i 

to  provide  colloidal  substitutes  for  the  lighter  fuels.  However,  the  sub-  ! 

micron  coal  would  definitely  increase  the  viscosity  of  the  lighter  fxiels  *! 

In  a manner  similar  to  the  way  the  micron  size  coal  increases  the  vis- 
cosity of  tin  residual  oil  as  indicated  in  Table  II.  The  degree  of  viscosity  .! 

increase  will  be  more  dramatic  from  blending  svibmicron  coal  to  the  ;i 

lighter  fuels.  Machinery  such  as  diesels,  turbines  and  gasoline  powered  el 

d 

< uginrn  are  not  designed  for  the  higher  viscosities.  These  kind  of  engines 

j 

> ould  tend  to  gum-up  from  sludge  remaining  .rom  the  incomplete  corn-  ; 

I ustion  of  the  "light"  colloidal  fuels.  Although  a diesel  engine  was  success-  ;j 

tally  operated  on  a colloidal  fuel  in  1936,  there  is  no  technological  basis  ' 

i 

for  the  ILOK  assumption  that  colloidal  fuels  may  be  directly  substituted  for 

the  light  fuels  in  a general  manner.  Industrial  gas  turbines  are  presently 

being  developed  to  burn  the  dirtier  residual  fuels;  however,  this  development  > 
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is  no  basis  for  assuming  that  aircraft  gas  turbines  could  be  adapted  to 
burn  colloidal  fuels.  To  include  a fuel  pre-heating  system  to  reduce  the 
viscosity  of  the  colloidal  fuel  in  a jet  aircraft  may  be  a technological 
challenge  in  itself. 

General  Motors  (GM)  has  successfully  tested  coal-oil  mixtures  in 
a power  .station  ai  one  of  their  manufaetur ;ng  facilities  in  Saginaw,  Michigan. 
Plant  scale  pilot  tests  were  initiated  in  August,  1 97-4.  Coal  reduced  to  7-1 
micron  was  blended  30  to  40  percent  by  weight  with  residual  fuel  oils  and 
burned  in  their  oil-fired  boilers.  Initial  test  results  were  encouraging. 

The  adverse  effects  of  burning  a coal-oil  mixture  in  an  oil-fired  industrial 
boiler  appeared  to  be  minimal  for  the  limited  duration  of  the  pilot  tests. 
Although  a special  type  of  pump  was  used  to  pump  the  coal-oil  mixture,  the 
standard  fuel  oil  burner  gun  was  not  replaced.  GM  indicated  that  their 
major  technical  problems  were  in  me  storage  and  handling  r the  coal 


1 


suspension. 

The  coal  had  to  be  resuspended  by  vigorous  agitation  and  stirring, 
High  particulate  omissions  resulted  from  the  high  ash  coni  nt  of  coal,  (com- 
pared to  that  of  fuel  oil).  However,  GM  determined  through  emission  tests 
that  particulate  emission  from  medium  and  high  ash  coal  could  be  removed 
relatively  efficiently  with  conventional  particulate  collectors. 

In  future  testing,  GM  plans  to  vary  boiler  combustion  conditions  to 
maximize  thermal  efficiency  yet  minimize  particulate  emission;  test  several 
types  of  coals  and  determine  their  impact  on  boiler  hardware;  to  use  higher 
weight  proportions  of  coal,  and  to  test  the  use  of  a fuel  additive  which  will 
stabilize  the  suspension  of  the  coal  particles  in  the  fuel  oil. 
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The  approach  of  using  a thixatropic  additive  to  maintain  the  stability 
of  the  colloidal  suspension  is  attractive.  Little  or  no  agitation  to  maintain 
the  suspension  would  be  required;  consequently,  conventional  storage  sys- 
tems would  not  require  modification  for  special  agitation  systems.  This 
feature  would  expedite  the  near-term  convertibility  to  colloidal  fuels  and 
the  relatively  direct  use  of  coal  to  offset  some  portion  of  domestic  residual 
fuel  requirements.  If  the  thixatropic  additive  can  be  employed  successfully, 
• :oal  would  not  have  to  be  reduced  below  74  microns  to  produce  a stable 
colloidal  mixture.  Therefore,  the  energy  and  expense  related  to  crushing 
coal  to  submicron  particle  size  as  is  normally  required  for  colloidal  fuels 
may  not  be  necessary  with  the  thixatropic  additive. 

The  main  objective  of  the  current  GW  effort  is  to  demonstrate  that 
a coal-oil  mixture  with  32%  coal  (by  weight)  can  provide  25%  of  the  heat 
value  of  the  coal-oil  mixture.  An  ultimate  goal  is  to  demonstrate  that  a 
50%  mixture  is  feasible  which  would  cut  fuel  oil  usage  by  41%  per  Btu 
required.  The  GM  program  of  tests  of  colloidal  fuels  in  modern  boilers 
is  probably  the  most  significant  colloidal  fuel  test  program  since  the  1940s, 


Potential  DOD  Use  of  Colloidal  Fuels 

The  only  realistic  potential  application  area  for  colloidal  fuels 
is  the  residual  fuel  market.  Bureau  of  Mines  data  (Reference  8)  indi- 
cates that  19.35  million  barrels  of  residual  fuel  oil  was  sold  to  all 
military  users  in  1973.  The  total  energy  required  in  residual  oil  would 
then  he  120  x 10^  Btu  for  1973.  If  1974  energy  requirements  were  based 
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on  a 10%  growth  of  1 973  energy  requirements  (hypothetical  assumption 


- f? 


since  military  energy  consumption  actually  decreased  for  1974),  1974 

1 2 

energy  roqu  i • e n lent  s would  bo  132  >;  10  million  Btu.  This  is  one  tenth 
Jf  the  tol  l'  DOD  energy  requir emenls  projected  for  1974  as  reported  by 
iCl..  Only  one  tenth  of  the  total  energy  DOD  use  can  be  identified  a.s  the 
residua!  fm  I oil  contribution.  If  a residual  fuel  cost  reduction  of  $0,218/ 
million  l't"  < mild  he  achieved  with  a colloidal  fuel  as  indicated  on  Table 
t,  a hyjiotliei  ieal  1974  fuel  savings  of  $29  million  could  be  projected.  This 
legree  of  savings  would  not  pay'  for  one  half  the  construction  of  a proto- 
ype  coal  powder  p!  nt.  The  main  point  is,  however,  that  this  is 
n upper  limit  number  and  that  the  degree  of  savings  may  be  much  less 
ian  $29  million  per  y'car  (in  1974  dollars).  The  savings  margin  could 
* 5 much  lower.  Operating  expenses  could  inflate  faster  than  the  cost 
difference  between  coal  and  residual  oil  resulting  in  a net  loss  margin 
for  any'  number  of  years. 

The  following  Figures  1,  2 and  3 and  Tables  III,  IV  and  V are 
taken  from  a study  conducted  for  the  Assistant  Secretary  of  Defense 
(Installations  & Logistics)  in  November  1973  (Reference  13).  Depart- 
ment of  Defense  (DOD)  use  of  various  fuels  is  projected  for  1974  in  this 
study'.  Figure  1 illustrates  that  the  DOD  would  require  an  estimated 
2.4%  of  the  total  U.S,  energy  requirement  for  1974.  Of  that  total  energy 
requirement,  72.  5%  would  be  of  petroleum  origin.  Figure  2 illustrates 
the  197  5 p:  iveted  DOD  petroleum  demand  compared  to  the  total  ll.S. 

demand  and  the-  proportional  petroleum  demand  by  each  service.  Also 
noted  on  Figure  2 is  that  50%  of  the  petroleum  use  is  provided  by  foreign 
suppliers  and  that  the  Air  Force  is  the  largest  DOD 

user  of  petroleum  fuels.  Figure  3 indicates  that,  of  the  various  military 
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FIGURE  3.  ESTIMATED  FY74  DOD  ENERGY  DEMAND  (BY  OPERATIONAL  FUNCTION) 
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#EST1A1ATED  ENERGY  CONSUMPTION  BY  TYPE  OF  USE  IN  FY74. 

EXCLUDING  NUCLEAR 
{Trillions  of  Biu) 


Use 

Army 

Navy 

Air 

Force 

Total 

Percent 
of  DoD 

Aircraft  Operations 

20 

174 

623 

817 

44.7 

Ship  Operations 

200 

- 

200 

11.4 

Ground  Operations 

43 

4 23 

23 

89 

4.9 

Installation  Support 

258 

221 

234 

713 

39.0 

Total 

321 

627 

880 

1.828 

— 

Percent  of  DoD 
Consumption 

17.6 

34.3 

•1C.  1 

— 

100.0 

♦Minor  amount,  included  in  ground  ope  rations. 


i .'STABLE  IV 
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ESTIMATED  CONSUMPTION  OF  PETROLEUM  FUELS 
BY  TYPE  OF  USE  IN  FY74 
(Thousands  of  Barrels) 


Use 

Array 

Navy 

Air 

Force 

Total 

Percent 
of  DoD 

Aircraft  Ope  rations 

AvC-as 

545 

2.006 

4.207 

6.736 

Jet 

3.094 

20,  229 

SI2.  6C9 

144,962 

3.  639 

31,233 

116,  me 

m,  7 it* 

63.7 

Ship  Operations 

* 

35.  456 

- 

35.456 

14.9 

Ground  Operations 

T.  793 

4,050 

4,  291 

16,094 

6.8 

Installation  f.ufpnrt 

(petroleum  only! 

1 1.  363 

14.565 

6,  722 

34. 632 

Total 

22.  lit 

0b.  304 

12D.  £U9 

237.  950 

Pcrvml  of  DoD 

OwMifUpthdfl 

9.6 

35.1 

54.6 

too.o 

• Minot  amount,  included  in  £i ound  cptr  rot  ions 
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Water  (thousands  of  pounds)  . 616,000  1,065,696  725,000 


functions,  aircraft  operations  require  the  greatest  portion  of  the  total 
DOD  energy  requirement.  Aircraft  operations  require  nearly  2/3  of  the 
total  petroleum  energy  requirement  in  DOD.  Aircraft  require  the  lighter, 
more  precisely  refined  and  therefore,  the  more  expensive  petroleum  fuels. 
Tables  III  and  IV  are  general  breakdowns  of  how  each  service  would  allo- 
cate energy  to  their  various  operations.  Table  V is  a breakdown  of  how 
various  categories  of  petroleum  fuels  and  other  energy  sources  (excluding 
nuclear)  would  be  used  in  197-4.  Table  VI  is  derived  from  the  quantities 

of  each  fuel  type  to  have  been  used  by  DOD  in  1974  and  unit  cost  figures 
for  each  fuel.  The  unit  cost  figures  are  not  actually  uniformly  determined 
since  price  and  cost  averages  for  1974  are  yet  to  be  established.  However, 
the  unit  costs  given  do  reflect  the  relatively  lower  costs  of  the  lower  grade- 
fuels.  The  given  unit  costs  are  used  to  generate  the  nominal  budget  DCD 
would  require  for  each  general  grade  of  fuel.  For  purposes  of  simplifi- 
cation, NDFO  is  lumped -in  with  other  distillate  fuels  and  NSFO  is  lumped- 
in  with  other  residual  fuels.  The  cost  of  coal  and  electricity  are  included 
on  this  table  as  incidental  information. 

As  indicated  in  the  "Technology  Assessment"  section  of  this  report, 
colloidal  fuels  could  be  a potential  substitute  for  the  residual  fuels  only. 
Table  VI  indicates  that  DOD  expenditures  for  residual  fuels  including 
those  used  by  ships  (NSFO)  would  be  lets  than  9%  of  the  DOD  petroleum 
fuel  budget.  If  the  savings  margin  with  colloidal  fuels  amounted  to  a 20  ro 
discount  on  the  cost  of  residual  fuels,  a total  DOD  petroleum  fuel  budget 
savings  of  only  1.8%  may  be  achievable  with  colloidal  fuels.  However, 
as  indicated  in  the  "Cost  Assessment"  of  this  report,  the  colloidal  fuel 
savings  margin  could  be  considerably  less  than  10%.  Consequently,  no 


Table  VI.  RELATIVE  COST  OF  VARIOUS  GENERAL 
FUELS  USED  INDOD 


Energy  Type 

Note 

Total  DO:) 
Ust  for  1974 
Esum.it»-<1 

Nomiij.i! 

Rate 

$ per  Unit 

Nominal 

Cost. 

S prr 
barf  cl 

Total 

Estimated 

1974 

DOD  Cost 

% Cost 

Petroleum 
(Million  bb!s) 

i 

{42  gait) 

$ Million 

AVGii 

1 

i 

6.756 

0.437/gat 

18.35 

123.97 

3,45 

Jet  Fuel 

I 2 

146.5 

0.371/gsl 

15.59 

2290.17 

63.57 

Mo6« 

! 3 

7.883 

0.3Cl/g.l 

16.00 

126.13 

3.60 

Distillates 

4 

61.714 

14  24 

736  41 

20.44 

Residuals 

5 

24.703 

13.18 

325.65 

9.04 

Total  Petroleum 
Fuels  Cost 

3602.33 

100.00 

1 

Coal,  {Mdhur» 

Tons) 

G 

2.G2S 

| 

17.5/ton 

45.98 

Niturjt  GW 
P-opme.  (MC7  1 

6 

i 

121,041 

0.5134/CF 

nl03 

62.14 

Electricity  IKwh! 

7 

2C.  '91  x JOB 

0.040/ Kwh 

i 

1047.64 

NOTES: 

Except  at  i»»dicaTrd,  entered  nominal  rates  are  based  on  October  1974  DFSC  bulk  rate  prices. 

1 Nominal  rate  applies  to  all  AvGas  grades. 

2 87%  of  jet  fuel  used  in  1973  was  JP-4  {Reference  131.  Nominal  rate  calculated  bated  on  a weighted  average. 

3 Nominal  rate  it  bated  on  regular  and  no-lead  but  applies  to  all  MoGat  grades.  Premium  at  39.4  £ /gal  did  not 

represent  a significant  portion  of  1973  MoGat  use. 

4 Total  use  includes  NDFO  and  nominal  rate  applies  to  #1  light  diesel  fue!t. 

5 As  much  NSF0  is  used  as  other  residual  fuels;  nominal  rate  it  an  average. 

8 Nominal  rate  n b^*r«!  on  the  July.  1974  national  average  cost  of  coal  {assuming  bituminous)  and  the  national 

average  cost  of  natutal  gat  from  the  latest  F E A data  {Reference  2). 

Nominal  rate  is  approximated  bated  on  average  U.S.  commercial  rates  to  January,  1974  (Reference  4). 
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measurable  budget  savings  is  likely  from  the  substitution  of  colloidal 
fuels  for  all  DOD  residual  fuel  use.  Also,  unless  colloidal  fuels  can  be 
developed  to  substitute  for  the  lighter  fuels,  the  figures  in  Table  V indi- 
cate* that  colloidal  fuels  substituting  for  residual  fuels  can  account  for  no 
more  than  10%  of  total  DOD  use  of  petroleum  fuels.  Of  that  10%,  coal 
would  contribute  less  than  40%  of  the  energy  (because  the  coal  in  the 
colloidal  fuel  is  40%  by  weight  and  the  healing  value  of  coal  is  less  than 
that  of  the  residual  fuel  oil  component).  Therefore,  coal  would  offset  less 
than  4%  of  the  quantity  of  DOD  petroleum  fuel  energy  requirements. 

The  coal  in  the  colloidal  fuels  would  not  offset  DOD  petroleum  energy 
needs  to  any  significant  extent  and  it  would  be  much  less  significant 
when  compared  to  total  DOD  energy  requirements. 
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APPENDIX  A 


THE  BCL  COLLOIDAL  FUEL  COSTING  RATIONALE 


t 


Table  A is  a breakdown  of  (he  step  by  step  procedure  used  by 
DCL  to  estimate  the  cost  of  colloidal  fuels  in  their  report  of  Reference 
3.  The  given  input  values  (indicated  by  *)  were  selected  only  to  collaborate 
DCL  given  input  values  with  output  results.  The  result  values  indicated 
in  steps  14,  15,  lb,  IS  and  19  of  Table  A correlate  perfectly  to  the  num- 
ber of  significant  digits  with  the  appropriate  computed  results  of  the 
BCL  parametric  analysis  (refer  to  page  24  of  Ref.  1).  Consequently,  the 
methodology  presented  in  Table  A for  calculating  colloidal  fuel  costs 
accurately  represents  the  BCL  rationale. 

Note  that  the  blending  equations  arc  based  on  the  Coal/Blend 
Ratio  wh.  i is  derived  from  and  is  much  smaller  than  the  Coal /Oil  Ratio. 

A Coal/Oil  Ratio  of  0.70  would  result  in  a Coal/Blend  Ratio  of  0.412 
which  is  at  the  practical  viscosity  limit  of  pumpable  slurry  mixtures 
(Refs.  5,  6 and  7).  BCL  indicates  that  a Coal/Oil  Ratio  of  0,70  is  "an 
improbably  high  value"  (page  29  of  Ref,  1).  However,  slurry  fuel  tech- 
nology indicates  that  the  coal  proportion  in  a blend  should  be  in  the  order 
of  40%  to  maximizn  the  coal  constituent  within  a pumpable  fluid  viscosity. 

A Coal/Oil  Ratio  as  defined  by  BCL  of  up  to  0.70  should  not  be  considered 
an  extremely  high  valve. 

Note  that  step  4 is  the  expected  coal  grinding  energy  requirement. 
BCL  indicates  that  grinding  energy  could  range  from  25  to  250  kwh  per 
ton.  This  is  a very  broad  range  and  BCL  provides  pc  guidance  as  to  the 
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Table  A.  THE  BCL  COLLOIDAL  FUEL  COST 
ESTIMATION  METHODOLOGY 


STEP 

t’ARAMI  UR 

EQUIVALENCIES 

RESULTS 

UNITS 

1 

C*»*l/Oil  Wright  Ratio 

W • 

0,50 

Cu.it/HlHul  Wright  Matin 

w 

R r — 
1.W 

0,333 

I 

Coil  Co;tl 

C1  * 

25.00 

S/ton 

I 

Coat  Giimling  Lnufyy 

G 

25.0 

Kwh/ton 

6 

LltfUiiu  f norgy  Cost 

Ce  • 

0.00 

S/Kwh 

0 

Coat  G»  hiding  Coil 

Cj  * OxCe 

1.5 

S/ton 

7 

Fixed  Grinding  Cott 

C3 

3.00 

S/ton 

8 

Total  Cu.il  Processing  Cost 

CT  * C^.C2*C3 

29.5 

S/ton 

a 

Cost  of  (Meiklu.il  Fuel)  Oil 

F1  * 

15,00 

S/bbl 

10 

Blending  Cult  (Pur  Dtirrol  of  Oil) 

F2  * 

O.C03 

S/bbl 

ii 

T otul  Oil  PrucMiinu  Cult 

PT  - E,4P2 

15.003 

S/bbl 

12 

Totul  Oil  Processing  Colt 

s - rct*  (i  ni  rT 

74,11 

S/ton 

13 

Heeling  Value  of  Colloidal  Blond 

Hf  " RM,-*  (R-IIHp 

33.94 

M Btu/ton 

14 

Colloidal  Coit  Par  Energy  Unit 

Ut  * S/Hi 

2.183 

I/M  Btu 

16 

Residual  Fuel  Coil  Pnr  E.U. 

Up  - 

2.41D 

S/M  Btu 

16 

Colloidal  Coil  Savings  Par  E,  U, 

c 

3 

■ 

c 

•n 

C 

0.236 

S/M  Btu 

17 

P«r  Cent  Colloidal  Savlngi 

! F - Un/Up 

8,77 

% 

18 

“Total  Air  Force  Jot  Fuel  Savings*’ 

Un»BAp 

141.6 

SM/Yt 

16 

‘‘Total  DOD  Fuel  Saving*" 

Un  x Bcoo 

312.7 

SM/Yt 

Notts;  * • Selected  Input  (tom  BCL  pammetors, 

Quantity  1 2009  lb  Quantity 

Step  11,  (2  & 13;  ~M~  x 32b  lb  x ton  ton 

'bbl 

Step  13  6 13;  Ms  » 25,6  M EHu/ton,  Hp  * 6.2M  Btu/bbl,  M Dtu  - BtuXIO0 

Step  IB  6 19;  BftF  • 009  x 10eM  Btu,  BOOQ  • 1,325  x 10*M  Btu;  the  BCL  eitimeted  Alt  Poles  and  DOD 
total  entity  uttulremenu  lot  1974  teipectlvely, 


most  probable  value  that  should  br  selected  for  grinding  energy.  BCL 
does  indicate  by  tbeir  own  analysis  that,  the  special  mill  to  be;  used  in 
the  ILOK  prm  css  will  require  in  the  order  of  1 30  kwh/ton  for  only  one 
of  the  four  grinder  stages  (page  16.  of  Ref.  1).  This  estimated  energy 
requirement  is  based  on  the  energy  absorbed  by  acceleration  of  the  coal 
particles  to  the  peripheral  speeds  of  the  healer  elements  in  the.  grinding 
machine.  This  energy  estimate  has  been  determined  by  BCL  through 
simplifying  assumptions.  However,  BCL  also  indicates  that  "Experience 
in  this  country  and  calculations  using  Riltingcrs  Law  indicate  (that)  a coal 
grinding  energy  of  at  least  Z 5 0 kwh  (would  be  required  to  grind  one  ton  of 
coal)  to  4 micron  sine"  (page  21  of  Ref,  1).  The  4 micron  sine  is  the 
minimum  sine  required  for  blending  with  oil  (residual  oil  implied).  Con- 
sequently, from  their  own  given  information,  BCL  indicates  that  the  mini- 
mum energy  required  for  grinding  coal  to  the  required  particle  size  should 
be  at  least  110  kwh /ton.  The  coal  processing  schematic  of  the  special 
ILOK  process  (Figure  1,  page  1 3 of  Ref,  1)  indicates  no  special  pre- 
treatincnt  of  bunker  coal.  The  special  grinder  is  similar  in  configuration 
to  a high  speed,  attrition  type,  pulverizer  and  other  impact  machines  and 
should  not  perform  significantly  differently  than  these  conventional  grinders. 
Consequently,  with  no  analytical  basis  or  empirical  test  experience  to 
support  the  ILOK  claim  that  their  special  grinder  would  require  one -tenth 
of  conventional  grinding  energy  requirements,  Rittingcrs  Law  should  be 
considered  the  most  credible!  basis  for  estimating  coal  grinding  energy. 

A somewhat  detailed  analysis  of  coal  pulverizing  and  grinding  energy  is 
presented  in  Appendix  B.  The  results  of  this  analysis  indicate  that  a coal 
grinding  energy  of  150  kwh/ton  should  be  representative  of  the  energy 
required  to  reduce  coal  to  a 4 micron  powder, 
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Note  that  stc-p  5 iss  an  electric  energy  cost  of  $0.  Ob  per  kwh. 

BCL  selects  an  electric  cost  range  of  $0.02,  $0.04  and  $0.06  per  kwh 
t.o  parametrically  vary  the  impact  of  electric  rates  on  coal  grinding  costs. 
However,  of  all  the  varied  parameters,  the  electric  energy  cost  is  probably 
the  most  stable  cost.  Electric  energy  rates  for  large  volume  users 
(industrial  rates)  were  nearly  constant  and  averaged  slightly  less  than 
$0.02  per  kwh  between  lbbO  and  1970.  The  average  industrial  electric 
rate  increased  from  $0,  024  to  $0,028  per  kwh  between  January  1,  1973 
and  January  1,  1974.  Extending  this  trend  linearly  to  January  1,  1975 
indicates  that  an  industrial  rate  of  $0,  0 3 per  kwh  would  be  a reasonable 
estimate  for  the  1974  average  rate. 

Note  that  step  7 is  an  assumed  fixed  grinding  cost  of  $3.00  per 
ton  of  coal  processed.  This  fixed  cost  should  include  the  initial  cost  of 
borrowing  the  capital  to  purchase  a basic  coal  powder  plant.  The  ILOK 
Company,  which  is  proposing  the  colloidal  fuel  as  an  alternative  fuel, 
estimates  that  a coal  powder  plant  of  10,000  tons  per  day  would  cost  $65 
million  (1972  dollars).  If  amortized  over  30  years  at  9%,  this  Initial 
capital  requirement  would  cost  $6,  3 million  per  year  in  fixed  cost  ex- 
penses. At  the  annual  production  rate  of  3.5  million  tons  based  on  350 
production  days  a year,  the  fixed  production  cost  of  the  coal  powder  would 
be  $1.80  per  ton  (1972  dollars).  This  fixed  cost  represents  the  cost  of 
raising  the  capital  for  the  coal  powder  plant  only.  A fixed  cost;  estimate 
of  $3.00  per  ton  appears  to  include  a nominal  margin  for  operating  ex- 
penses, taxes,  some  profit  margin  and  other  non- fixed  expenses. 
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Alternative*  Assessment  of 
the  Cost  of  Colloidal  Fuels 


The  Battel]  c*  Columbus  Lriborator ies  (BC.L)  "Assessment  of  the 
Potential  for  Colloidal  Fuels"  (Reference  1)  is  essentially  a parametric 
analysis  of  the  range  of  fuel  costa  which  could  result  from  various  coal 
and  fuel  nil  roi npo;: it i on >,  in  colloidal  fuel  mixtures.  However,  in  drafting 
conclusions.  BCL  indicates  a maximum  potential  savings  in  energy  costs 
to  the  Department  of  Defense  (DOD)  through  the  use  of  colloidal  fuels 
based  on  the  as  sumption  that  the  coal  component  is  relatively  cheap  per 
unit  of  energy  compared  to  the  petroleum  component.  BCL  also  assumes 
that  the  colloidal  mixtures  could  be  substituted  for  all  the  various  fuels 
in  use  by  DOD.  The  purpose  of  this  "Alternative  Assessment"  is  to  bring 
the  BCL  para  metrics  into  focus  with  the  latest  prices  of  coal  and  fuel  oils 
using  the  same  basic  math  model  employed  by  BCL, 
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The  BCJj  methodology  foi-  calculating  the  cost  of  colloidal  fuel  is 
not  presented  in  their  assessment  report  although  the  input  and  output 
values  for  their  computerized  methodology  is  presented.  However,  the 
UCJ.j  methudo] ogy  enn  he  del e ”i o ined  from  their  reported  analytical,  in- 
formation.  The  correlation  of  the  results  from  given  input  values  for 
the  determined  ICL  methodology  is  presented  in  Appendix  A,  Table  I 
is  a breakdown  of  the  basic  13CL  methodology  updated  for  current  costs 
and  revised  to  include  other  cost  factors  neglected  by  BCL,  Refer  to 
the  basic  terms  and  relationships  indicated  in  Appendix  A which  are  the 
bases  of  the  calculations  in  Table  I. 

The  assumptions  and  the  rationale  utilized  in  deriving  Table  I 
are  described  step  by  step  below: 

Step  1 - A 40%  coal  colloidal  blend  is  used  since  this  blend 
maximizes  the  quantity  of  coal  that  may  be  blended  into  the  residual  oil 
and  not  exceed  the  viscosity  limits  of  a pumpablc  fluid  (refer  to  Appendix 

A). 

Step  2 - (Reference  2)  The  cost  of  coal  is  significantly  higher  in 
east  coast  locations  than  in  other  parts  of  the  U.  S.  continent.  Conse- 
quently, the  Base  Case  reflects  the  average  price  of  coal  for  the  month 
of  July,  1974  for  the  U.S.  other  than  the  cast  coast  states.  The  East 
Coast  Case  reflects  the  average  price  for  the  same  period  for  New 
England,  Middle  Atlantic  and  South  Atlantic  regions  (FEA  designations). 
The  East  Coast  coal  costs  are  nominally  twice  those  for  other  regions 
in  the  country.  The  higher  East  Coast  coal  costs  probably  reflect  the  cost 
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. COLLOIDAL  FUEL  COST  ESTIMATE  {1974  DOLLARS) 


NOTES: 

Step  7 - Residual  Fuel  Oil  Cost  = S12.20/bbl  Duty  1974  national 

Step  12  — 40%  cos!  in  mixture  produces  33.94  Wl  Btu/ton 
Step  14 

& 15  — Percent  entered  is  per  residual  cost 
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of  transporting  the  coal.  The  national  average  cost  of  coal  increased 
at  a relatively  constant  rate  over  the  first  half  of  197-1.  No  national  rale 
trends  are  available  to  indicate  the  average  price  of  coal  after  July  1974. 
However,  a recent  publication  by  PEPCO  (Potomac  Electric  Power  Com- 
pany of  Washington,  D.  C.  ) indicates  that  the  price;  of  coal  tended  to 
stabilise  for  !!,e  second  half  of  1974  (refer  to  Append::-;  P).  July  should, 
therefore:,  represent  the  stabilised  price  of  coal  for  1974. 

Step  3 - (Reference  3)  The  coal  grinding  energy  is  estimated 
here  to  be  150  Kwh/ton  as  developed  in  Appendix  E. 

Step  4 - (Reference  4)  The  coal  grinding  cost  is  based  on  the 
grinding  energy  and  on  the  electric  energy  cost.  The  industrial  electric- 
rates  were  relatively  constant  at  slightly  less  than  2 cents  per  Kwh 
between  I960  and  1970.  However,  the:  industrial  rate  lias  increased  to 
approximate: ly  2.75  cents  per  Kwh  between  1970  and  1974.  Based  on  the 
growth  trends  between  1 97  3 and  1974,  the  average  industrial  rate  for 
electric  power  should  be  3 cents  per  Kwh.  Note  from  the  cost  percentages 
for  the  Base  Case  in  Table  I that  the  coal  grinding  cost  is  a small  factor 
in  the  overall  cost  of  the  colloidal  fuel  product.  Consequently,  the  cost 
of  the  blended  fuel  product  is  relatively  insensitive  to  the  grinding  energy 
requirements  and  the  magnitude  of  the  grinding  energy;  should  not  be  re- 
garded as  critical  to  the  final  product  cost. 

Step  5 - (Appendix  C)  The  fixed  cost  for  grinding  the.  coal  is  based 
on  the  capital  cost  of  the  "Coal  Powder  Plant"  indicated  by  1L.OK,  updated 
to  1974  capital  costs,  amortized  over  30  years  at  a 9%  corporate  bond 
rate  and  determined  per  unit  of  blended  fuel  product  (rather  than  per  ton 
of  coal  input  in  the  BCI,  approach). 
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Step  6 - The  coal  processing  cost  is  simply  the  sum  of  the  coal, 
grinding  and  capital  costs  per  unit  of  product.  Note  that  the  capital  cost 
of  the  ’’Coal  Powder  Plant"  per  unit  of  product  is  very  small. 

Step  7 • (Reference  2)  Residual  fuel  costs  have  been  relatively 
stable1  over  lh«-  various  national  regions.  The  national  average  cost  of 
residual  fuel  jo  r i he  month  of  July  177-1  is  used  to  represent  the  stabilized  % ost 
for  that  year.  Residual  oil  increased  dramatically  in  the  first  month  of 
1974  but  stabilized  at  approximately  $12  per  barrel  for  the  following  five 
months.  Again,  no  national  rate  trends  are  available  for  the  second  half 
of  1974.  The  nunc  recent  fuel  price  trends  published  by  PEPCO,  however, 
do  indicate  that  residual  oil  prices  were  stable  for  the  last  half  of  1974 
also  (refer  1 o Appendix  D).  Consequently,  July  should  be  a representative 
month  for  the  stabilized  price  of  residual  for  1974.  Step  7 sums  the  price 
of  the  residual  oil  at  $)2.20/bbl  with  the  estimated  blending  cost  of  $0,663/ 
bbl  provided  by  13CE  and  this  sum  is  then  corrected  for  the  common  cost  per 
unit  weight  in  $/ton. 

Step  8 - (Appendix  C)  The  fixed  blending  cost  is  an  estimate  of  the 
capital  cost  per  unit  of  product  of  a blending  plant  which  was  not  considered 
in  the  BCL  Assessment.  The  cost  of  the  blending  plant  is  based  on  the  cost 
of  the  most  fundamental  refinery  process  units.  A blending  plant  should  be 
equivalent  in  complexity  to  the  simplest  of  refinery  processes  and  since 
refinery  cost  statistics  are  available,  the  blending  plant  cost  could  be  de- 
rived on  a refinery  technology  basis.  Note  that  the  relati%re  cost  per  unit 
of  product  of  the  blending  plant  capital  cost  is  small. 

Step  9 - The  oil  processing  cost  is  merely  the  sum  of  the  fuel  cost 
(including  blending  cost)  plus  the  fixed  capital  cost  of  a blending  plant. 
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Step  JO  * Refer  to  Appendix  A for  the  basic  blending  formula 


it 


which  establishes  a weighted  unit  cost  of  product  based  on  the  percent 
of  mmc.ncnt  to  result  in  the  final  blend. 


Step  11  - (Appendix  C)  A colloidal  plant  operating  cost  is  included 
in  cost  breakdown  although  HCLi  does  not  include  this  factor.  The  cost  of 
labor,  maintenance,  and  mis  cel  lane  our.  facilities  are  a significant  pari  of 
the  cost  of  any  finished  product  and  should  not  be  ignored.  The  operating 
cost  is  also  based  on  refinery  cost  and  operation  experience.  The  process 
requiring  the  lowest  operating  cost  in  the  refining  process,  topping,  is  the 
basis  for  estimating  the  oveiall  operating  cost  of  the  "Colloidal  Fuel  Plant.  " 
A 195&  operating  cost  for  a topping  process,  updated  through  the  "Nelson 
Inflation  Index"  to  1974  is  the  basis  for  the  given  operating  cost  of  $5  per 
ton  of  product.  The  operating  cost  is  less  than  10ni'  of  the  product  cost  and 
should  tnerelorc  be  considered  relatively  credible.  The  operating  cost 
docs  not  include  taxes  or  profit  and  this  point  is  addressed  later  in  the 
conclusions  of  this  assessment. 

Step  32  - The  total  colloidal  fuel  cost  is  the  sum  of  the  basic  cost 
of  the  plant,  the  resources  and  the  cost  of  operating  the  plant.  Note  that 
the  colloidal  fuel  cost  per  unit  weight  is  significantly  less  than  the  cost  of 
the  residual  fuel  for  the  same  unit  of  weight  (Step  7).  However,  the  fuel 
blend  will  have  a low  heating  value  because  of  the  much  lower  heating  value 
of  the  coal  component  in  the  blend.  Consequently,  the  final  cost  compari- 
son must  be  made  per  unit  of  energy. 

Step  13  - The  colloidal  fuel  cost  per  unit  of  energy  is  derived  from 
its  cost  per  ton  divided  by  its  weighted  average  healing  value  per  ton  (33.94 
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million  11  tu / ton  for  a colloidal  blond  of  40%  coal  and  60%  residual  fuel 
oil).  Refer  to  Appendix  A for  the  blending  effect  on  determining  the 
weighted  average  heating  value  of  the  colloidal  fuel. 

Step  14  • The  1974  selected  residual  fuel  oil  cost  at  $12.20  per 
barrel  is  multiplied  by  a heating  value  of  6.  2 million  Btu/bbl  to  result 
in  a cost  per  million  Btu  of  $1.9677. 

Step  J 5 - Subtracting  the  colloidal  fuel  cost  from  the  residual 
fuel  oil  cost  results  in  the  potential  savings  per  identical  units  of  energy 
in  using  the  colloidal  fuel  (unless  the  result  is  negative  which  would  reveal 
a loss).  As  indicated  in  the  percent  column,  the  savings  per  energy  unit 
using  1974  costs  as  a uniform  basis  could  amount  to  11%  of  the  fuel  costs 
of  a system  that  could  convert  from  residual  fuel  to  a 40%  coal  colloidal 
fuel.  The  higher  cost  of  coal  for  east  coast  users  reduces  the  potential 
savings  margin  for  using  colloidal  fuel  to  3.45% 


Cost  Assessment  Conclusions 

The  savings  margin  achievable  with  a colloidal  fuel  is  primarily 
sensitive  to  the  cost  differential  of  the  raw  materials,  coal  and  residual 
oil,  from  which  the  colloidal  fuel  is  made.  This  point  is  clearly  deducible 
when  comparing  the  savings  margin  of  the  Base  Case  to  that  of  the  East 
Coast  Case  with  their  respective  coal  costs  since  fuel  oil  costs  arc  constant. 
From  Table  I,  coal  at  $1  1. 27  per  ton  is  being  blended  with  oil  at  $12.  20  per 
barrel  to  result  in  a savings  margin  of  11%..  As  the  cost  of  coal  in  the 
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East  Coast 


reduced 


case  essentially  doubles  to  $ 2 4 . 17  per  ton,  the  savings  margin 
by  a:,  much  as  2/3  to  3.  -15%  Where  the  price  of  coal  per  ton  is 


identical  to  the  price  of  residual  fuel  oil  per  barrel,  the 


savings  margin 


will  be  10%  . Reducing  the  cost  of  coal  per  ton  to  $6.  10,  which  is  1/2  the 
cost  of  residual  lucl  oil  per  barrel,  would  increase  the  savings  margin  to 
14  % ..  This  order  of  savings  begins  to  have  significance.  Consequently, 


the  cost  of  residual  oil  would  have  to  inflate  at  twice  the  rate  of  coal  to 
generate  the  necessary  cost  differential.  Without  a wide  difference  in  coal 
and  fuel  oil  costs,  the  rationale  of  blending  a cheap  fuel  with  a more  expen- 
sive one  cannot  result  in  significant  savings.  Therefore,  as  a rule  of  thumb, 
the  cost  of  coal  per  ton  must  be  less  than  1/2  the  cost  of  residual  oil  per 
barrel  if  a colloidal  fuel  is  to  provide  significant  fuel  savings  per  unit  of 
energy. 

The  11%  margin  of  the  Base  Case  must  cover  taxes,  profits, 
research,  advertising  and  general  administration  expenses.  If  profits 
alone  arc  to  be  only  7%,  tnc  savings  margin  will  be  less  than  5%  which 
may  not  have  measurable  significance.  Distinguishing  the  impact  of  a 
fuel  savings  margin  of  less  than  5%  from  plant  efficiency  fluctuations 
resulting  from  maintenance  effects  may  be  difficult.  The  given  11% 
savings  margin  is  estimated  using  relatively  optimistic  cost  factors  in 
favor  of  the  colloidal  fuel  manufacturing  process. 
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COLLOin.M.  FUEL  BLENDING  PLANT  COST 


The  II  /'>!  Comp, my,  which.  ir- 
furl,  cstlii  ■ ii-tt  !'  tli.il  llu  ill,  u- 


r.  ing  to  produce  tlu  colloidal 
y Cr;-J  Powder  PL.uit  would  cost 


$65  million  in  107.1  iIo!l.,rs  (Hof.  1,  page  12).  This  capital  cost  would 
not  apparently  include  the  capital  cost  of  the  facilities  required  to  blend 
the  coal  powder  with  the  residual  fuel  oil  which  would  r =ult  in  a colloidal 
fuel  product.  The  capital  cost  of  a "Blending  Plant"  should  be  considered 
since  large  quantities  of  oil  will  lie  processed  requiring  large  equipment, 
buildings,  land  and  construction  costs.  If  the  colloidal  fuel  produced  will 
be  composed  of  -10"..  coal,  tlu  .r  the  10,000  ton/day  coal  powder  plant  will 
require  15,000  tons /day  of  residual  oil.  to  produce  the  required  colloidal 
product.  In  barrels,  the  oil  required  would  be 

15,  000  tons  s 2,  000  lbs  x 1 = ?2,  308  bb’  May 

day  ton  325  Ibs/bol 


Since  the  specific,  gravity  of  the  colloidal  fuel  product  is  nearly  that  of  the 
residual  fuel  oil,  the  density  of  the  colloidal  fuel  should  be  very  similar  to 
that  of  the  residual  oil.  Therefore,  the  given  Colloidal  Fuel  Blending 
Plant  of  Figure  C would  produce  approximately  153,  85C  Lbl/day  of 
colloidal  fuel.  The  capital  cost  of  the  blending  plant  may  be  based  on 
the  capital  cost  of  p»  1 roleum  refinery  process  units  which  are  of  a mini- 
mum of  complexity.  The  petroleum  industry  has  devised  Nelson  refinery 
cost  indexing  as  an  approach  to  generalizing  the  various  costs  involved  in 


producing  refinery  products  and  to  update  or  even  projected  inflated  costs 


(Ref,  10),  A recent  article  using  the  Nelson  approach  indicated  that  the 
average  1973  construction  cost  of  large  process  units  (200,  000  bbL/day) 
of  the  Lowest  IcveLs  of  complexity  would  be  $150  per  barrel.  per  day  of 
production  (Ref.  13),  At  a total  production  rate  of  1 5-1,  000  bbL/day,  the 
simple  blending  process  unit  would  cost  $23  million  to  construct  in 
1973. 

An  index  used  to  factor  construction  costs  by  the  deflated  vaLuc 
of  the  dollar  is  the  "Nelson  Inflation  Index"  (Ref.  11).  Recently  published 
Nelson  Inflation  Indexes  indicate  that  the  1974  inflation  rate  was  10,5%. 
Consequently,  the  1974  cost  of  the  colloidal  fuel  plant  would  he  $25 
million.  If  a lending  Interest  rate  of  9%  (Aaa  Corporate  Bonds,  Ref.  32) 
could  be  obtained  in  1974  for  the  construction  of  the.  plant,  the  cost  of 
financing  the  plant  over  a thirty  year  period  would  result  in  an  annunL 
capital  cost  of  $25  million.  If  the  plant  produces  350  days  a year,  the 
total  annual  production  would  be  54  million  barrels.  The  capital  cost  per 
production  unit  would  then  be  $0,  046  per  barrel  or  $0,28  per  ton  of  product. 

The  Coal  Powder  Plant  that  cost  $65  million  in  1972  doLLars  would 
cost  $78.7  million  in  1974  doLLars;  using  the  Nelson  Inflation  Indexes  for 
1973  and  1974,  Through  similar  financing,  the  annual  capital  cost  of  the 
powder  plant  would  be  $7.65  million.  The  capital  cost  per  production  unit 
would  then  be  $0,  142  per  barrel  or  $0,87  per  ton  of  product. 

The  operating  expenses  for  the  colloidal  fuel  plant  could  also  be 
based  on  petroleum  industry  operating  cost.  The  base  operating  coal 
for  the  simplest  refinery  operation,  topping,  was  estimated  at  $0.35/bbl 
for  1965,  The  Nelson  Inflation  Index  applied  to  this  base  year  results  in 
an  average  1974  operating  cost  of  $0,812  per  barrel  of  product  ($5,00  per 
ton).  Tins  unit  operating  cost  includes  Labor,  maintenance,  supervision, 
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royalties,  and  rn  is  cell  a noons  facilities.  The  unit  operating  cost  does 
not  include  the  cost  of  advertising,  research,  general  administration, 
taxes  or  profits. 
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This  document  lists  thu  specifications  for  1 i f pa  Id  fuel  that  can  be  fired  in  the*  7LM2500  Cas 
Turbiu  ■;  in  addition  it  lists  additional  characteristic  and  conditions  not  covered  by  those* 
fuel  sp  clflcalions. 


1 • L\l' l] ' SPECIFICATIONS 

J'ucls  meeting  the  following  specification;,  aro  acceptable  for  use  in  the?  73 ^1-.' fi  1100  ['as  turbine 
provided  they  meet  the  additional  criteria  listed  in  paragraph  2, 


Specification  No,  Title 


1.1  MIL-T-5G24G 

1.2  ASTMD97G-G8 

1.3  ASTM  D10SG-GD 

1.4  MHj-F-24307 

1.5  MIL-P-1G8B4P 

1.6  VV-F-BQOA 


Grades  JP4,  JP5 

Diesel  Fuel  Oil,  Grades  1 -D  and  2-D 

Turbine  Fuels 

Fuel  - Navy  Distillate 

Fuel  Oil  - Diesel  Marine 

Fuel  Oil  - Diesel,  Grades  DP -A,  DP-1  & DF-2 


2.  ADDITIONAL  KKQmUMMNis'TS 


The  following  requirement s supplement  and  supersede,  where  there  is  a conflict,  the  speci- 
fications listed  in  paragraph  1.0.  However,  if  the  specification  requirement  is  more  restrlc 
five  it  applies: 

2.1  The  fuel  shall  consist  of  hydro-carbon  compounds  only  and  shall  be  the  distillate  typo 
containing  no  cracked  material. 


2.2  The  use  of  any  additives  requires  the  approval  of  the  General  Electric  Company, 

2.3  The  viscosity  of  the  fuel  as  supplied  to  the  Inlet  connection  on  the  pas  turbine  shall  be 
C.O  centl&tukea  or  less.  The  fuel  may  be  heated  to  meet  this  requirement. 


2.4  Ash,  maximum  percent  0,01 

Sulfur,  maximum  percent  1,3 

Vanadium,  maximum,  ppm  0.5 

Sodium  ■*  Potassium,  maximum  ppm  1,0 

Hydrogen  Content,  minimum  % 12,3 

DemulslflcatUm,  minutes,  maximum  20,0 


2,5  The  fuel  as  delivered  to  the  inlet  connection  on  the  par,  turbine  shall  not  contain  more 
than  10  grams  of  solid  contaminates  per  1000  gal  Ions  of  fuel.  The  contamination  shall  not 
exceed  the  following  micron  size  limits: 


Particle  Rl/e,  Microns 


0-5 

5-10 

10-20 


Percent  of  Total 


Remainder 
1 II Ve  Maximum 
lO^o  Maximum 


2.G  The  fuel  as  delivered  to  the  inlet  connection  on  the  gas  turbine  shall  not  contain  more 
Ilian  Ht  ppm  of  entrained  water  at  70"F. 
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APPENDIX  E 

GRINDING  ENERGY  REQUIREMENTS 

Thi1  woik  required  for  prim’ in;:  coal  is;  not  easily  derived  from 
the  general  technology  of  pulverizing  and  grinding  technology.  Grinding 
energy  estimation  methods  seem  based  more*  on  "rule  of  thumb”  equations 
than  any  well-developed  discipline.  One  utilities  equipment  selection 
handbook  recommends  that  the  power  required  for  pulverizing  coal 
could  be  approximated  at  3 kwh  per  ton  (Ref.  9)  although  the  size  of  the 
pulverized  product  is  not  actually  specified  (200  mesh;  that  is,  74  mi  crops 
is  normally  required  for  coal  burning  boilers  used  by  utilities).  One 
engineering  handbook  (Ref.  3,  pages  8-52)  indicates  that  the  crushing 
energy  for  anthracite  coal  is  246  to  330  kwh  per  ton  to  achieve  a 6-7 
micron  particle  size.  Anthracite  is  muc,h  harder  than  bituminous  coal 
and  the  crushing  and  grinding  energy  of  the  two  materials  is  related  to 
their  Hargrove  Grindubility  Indexes.  Anthracite  has  a Hargrove  Grind- 
ability  Index  of  20,  whereas  bituminous  coals  establish  the  Hargrove 
Grind  ability  Index  of  100.  The  magnitudes  of  these  indexes  indicate 
that  anthracite  coal  is  much  harder  to  grind  than  bituminous  coal.  Con- 
sequently, the  energy  required  to  grind  anthracite  coal  should  not  be  the 
basis  for  establishing  the  average  energy  required  to  crush  bituminous 
coals. 

Grinding  technology  recognizes  three  general  laws  for  relating 
particle  size  reduction  to  energy  requirements  (Ref.  31,  "Kick's  Law" 
states  that  the  work  required  for  crushing  a given  material  by  a given 
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reduction  ratio  (diameter  reduction  is  constant  irrespective  of  tire  original 
size}.  "Riltijiger's  I.aw"  slates  that  the  work  consumed  for  particle  size 
reduction  is  directly  proportional  to  the  now  surface  produced,  k third 
law,  regarded  as  "Bond’s  l.aw"  falls  between  the  other  two  laws.  The 
technology  is  unclear  as  to  the  limitations  and  bounds  of  each  of  these 


three  Jaws.  One  refe 


used  by  1’CL  indicate:-  that  Kick's  Law  applies 


at  the  larger  particle  sizes.  Bond's  Lav;  applies  to  particle  sizes  of  about 
one  millimeter  and  that  the  relatively  steep  slope  of  Rittingcr's  Law  applies 
to  the  micron  particle  sizes.  However,  the  general  technology  does  not 
categorize  the  laws  to  apply  to  specific  particle  sizes.  Bond's  Law  can 
be  expressed  as: 


E = E 


fx.-ST 

l n 

* AT 


E = Average,  work  index,  kwh/ton 

x 

X^  = Diameter  of  80", o of  feed  particles,  microns 
X = Diameter  of  8 0 Tv  of  product  particles,  microns 


Since  values  for  E^_  arc  available,  Bond's  Law  is  readily  usable.  As 
a check  that  Bond's  Law  is  applicable  to  the  micron  particle  si-^cs, 

Table  B compares  some  empirical  data  to  calculated  data.  This  Table 
attempts  a nominal  correlation  of  measured  to  calculated  energy  require- 
ments despite  a lack  of  validly  comparable  data.  Some  empirical  data 
exists  on  grinding  energy  requirements  for  anthracite  coal  b\it  no  such 
data  is  readily  available  for  mal  or  fluid  petroleum  coke.  However, 
Grindability  Indexes  are  available  for  coal  and  fluid  petroleum  coke.  The 
Hargrove  Grindability  Index  uf  fluid  p< "roleum  t oko  is  similar  to  that  of 
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anthracite  coal.  Consequently,  the  actual  work  requirement  for  fluid 
petroleum  coke  should  correlate  with  that  for  anthracite  coal  for  the 
same  overall  material  size  reduction.  The  calculated  results  for  the 
given  selected  materials,  indicates  that  the  Bond  Law  for  grinding 
energy  appears  relatively  applicable  to  grinding  products  to  74  microns 
(200  mesh).  Tin  Bond  Law  appears  U>  underestimate  the  energy  require- 
ments as  product  particles  are  reduced  below  74  microns,  in  particular, 
the  energy  required  to  grind  anthracite  coal  to  0 to  7 microns  is  twice  the 
calculated  energy  required  to  equivalently  reduce  fluid  petroleum  coke 
which  should  have  a grindability  similar  to  that  of  anthracite  coal  based 
on  similar  hardnesses. 

Another  approach  is  to  use  the  "Energy  Coefficient,"  based  on 
Rittinger's  Law,  to  estimate  the  pulverizing  energy  required  for  coal. 

The  value  of  this  coefficient  should  be  between  0.02  to  0.  10  tons/hp-hr 
for  pulverizing  hard  to  medium  hard  materials  to  No.  200  sieve  size 
(74  microns),  Coal  is  normally  classed  as  a medium  hard  material 
and  could  therefore  be  applicable.  Consequently, 

k = 0.  02  to  0.  10  tons /hp- hr 

1 /k  - 50  to  10  hp-hr/ton 

1 /k  - 37.  28  to  7.  457  kwh/ton  for  hard  to  medium  hard  materials, 
respectively. 

Rittinger's  Law  is: 


where 


Now  if  1/k  - 7.457  kwh/ton  for  a medium  hard  material  such  as 


bituminous  coal,  the  "C  " coefficient  for  coal  can  be  determined  by  setting 


.n 


t / k E ■-  C 


- 7.  *157 

However,  (lie  Energy  Coefficient  applies  only  to  reducing  coal  to 
74  microns.  Therefore,  coefficient  "C"  becomes 
C = 7.  *157  (74)  --  551. 8.  “ 


Now  if  "C"  can  be  applied  to  a smaller  particle  range,  Rittingcr's 
Law  can  be  used  to  estimate  the  energy  required  to  reduce  the  74  micron 
particles  to  4 micron. 

E = 551.8  (1.4  - 1/74) 

= 551. 8 (0.  236) 

E = 130.2  kwh/ton. 

The  original  energy  required  to  pulverize  coal  to  74  microns 
should  be  added  to  that  required  to  further  grind  it  to  4 microns.  Con- 
sequently, the  very  minimum  energy  required  to  reduce  coal  to  4 microns 
should  be  137.657  kwh/ton. 

Since  limited  information  indicates  that  the  Bond  Law  tends  to 
calculate  one-half  the  energy  required  for  grinding  to  the  small  (approach- 
ing 4 micron)  particle  sizes,  the  calculated  coal  grinding  energy  of  56.85 
kwh/ton  indicated  on  Table  B should  be  approximately  doubled.  The  re- 
sulting gross  estimate  of  the  energy  required  to  reduce  coal  to  4 microns 
would  then  be  114  kwh/ton.  Although  this  value  does  not  correlate  well 
with  the  estimate  using  the  "Energy  Coefficient"  (130.0  kwh/ton),  the 
indication  is  that  the  energy  required  to  reduce  coal  to  -1  micron  particles 
should  he  much  greater  than  the  25  kwh/ton  claimed  feasible  by  ILOK 
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through  their  "special"  coal  power  manufacturing  process.  The  coal  J 

grinding  energy  could  well  exceed  3 00  kwh/ton  to  achieve  the  appropriate  J 

fineness  requirement.  However,  the  250  kwh/ton  value  indicated  by  BCL 
seems  to  have  been  based  on  the  energy  requirement  for  grinding  anthracite  . 


coal  to  6 or  7 microns  (refer  to  Table  B and  Ref.  3).  This  energy  require- 
ment estimate  appears  too  high  for  bituminous  coal  which  has  a grinding 
work  index  less  than  one  third  that  of  an  anthracite  coal  (Table  B).  Based 
on  the  limited  information  generally  available  on  pulverizing  and  grinding 
technology,  the  energy  required  to  pulverize  and  grind  bituminous  coal  to 
a 4 micron  size  could  he  estimated  to  be  between  125  to  175  kwh/ton  with 
a reasonable  degree  of  confidence.  A nominal  value  of  150  kwh/ton  grinding 
energy  could  be  considered  representative  of  the  energy  required  to  reduce 
coal  to  4 micron  powder. 
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